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Descripti n 

This invention relates to integrated circuits. 

The protection of integrated circuits from electro- 
static discharge has been a significant design issue, es- s 
pecialfy as transistor electrode dimensions shrink below 
the 1.5 micron level. An excessively high ESD voltage 
conducted from a package terminal to the integrated cir- 
cuit bondpad can easily damage input or output circuitry, 
unless protection techniques are adopted. It appears 
that the use of the lightly-doped drain (LDD) structure 
and silicided source/drain regions has increased ESD 
susceptibility, especially in output buffers that utilize n- 
channel field effect transistors. One recent study by C. 
Duwury and C. Diaz, "Dynamic Gate Coupling of NMOS 
for Efficient Output ESD Protection" Proceedings of the 
IRPS (1992), indicates that improved ESD performance 
can be obtained using a field oxide capacitor to couple 
the gate of the output transistor to the bondpad; see Fig- 
ure 6 therein. In that technique, the output transistor is 
made to carry the ESD current. However, the field oxide 
capacitor undesirably increases the capacitive load on 
the bondpad, requiring a larger output transistor. 

A somewhat similar prior-art technique is shown in 
Fig. 1 , wherein an output buffer 10 is connected to the 
bondpad 1 1 . A protective n-channel transistor 1 3 is con- 
nected to the bondpad for conducting ESD current (I) to 
the power supply conductor (V ss ). The ESD voltage is 
conducted to the gate of transistor 13 by capacitor 12, 
typically about 10 picofarads in one design. This con- 
duction tends to allow transistor 1 3 to conduct by means 
of bipolar break-down action during an ESD event, al- 
lowing the current I to flow. The resistor 14, typically 
about 2 kilohms, causes the positive charge on the gate 
of transistor 13 to be conducted to V ss , thereby turning 
transistor 13 off after the ESD event has dissipated. In 
this manner, transistor 13 does not conduct during nor- 
mal operation of the output buffer. However, the circuitry 
of Fig. 1 requires that the protective transistor be suffi- 
ciently large so as to be able to carry the relatively large 
ESD current. This requirement increases the area re- 
quired to implement the output buffer. In addition, the 
transistor 1 3 presents an additional capacitive load to 
the buffer 10, which again undesirably requires that the 
buffer have additional drive capability, and hence in- 
creased size. 

In some cases, protection against positive ESD 
voltages is improved by the presence of a p-channel out- 
put transistor. In that case, the p-n junction of the drain 
electrode, which is connected to the bondpad, provides 
for clamping positive ESD voltages to a power supply 
conductor. However, some designs use only n-channel 
output transistors. For example, TTL output buffers typ- 
ically use n-channel transistors for both the pull-up and 
pull-down devices. More recently, the Standard Compu- 
ter Systems Interface (SCSI) chips have output buffers 
that typically use only n-channel transistors. It is there- 
fore desirable to have an improved ESD protection tech- 



nique that is effective with output buffers, and which mit- 
igates certain problems associated with the prior-art 
techniques. 

US-A-4 855 620 discloses a high threshold transis- 
tor having its source-to-drain path connected between 
the gate of a drive transistor and a reference supply 
node. 

According to this invention there is provided an in- 
tegrated circuit as claimed in claim 1 . 

In a technique for protecting output transistors an 
additional device coupled to the bondpad causes an out- 
put transistor to conduct during an ESD event. In an il- 
lustrative case, an n-channel output transistor has its 
gate coupled to the output bondpad through an addition- 
al transistor having its gate coupled to the bondpad by 
means of a capacitor. This arrangement allows the out- 
put transistor to turn on during an ESD event, thereby 
conducting the ESD current to a power supply conduc- 
tor. Both pull-up and pull-down output transistors may 
be protected in this manner. In one embodiment of the 
invention, the doped semiconductor region (e.g., n-tub) 
in which a pre-driver transistor (e.g., p-channel) is 
formed is also coupled to the bondpad so as to be raised 
in voltage when an ESD event occurs. 

Brief Description of the Drawings 

Fig. 1 shows a prior-art output protection technique. 

Fig. 2 shows an illustrative embodiment of the 
present invention. 

Fig. 3 shows an illustrative resistor used in one em- 
bodiment of the invention. 

Detailed Description 

The present detailed description relates to an im- 
proved integrated circuit electrostatic discharge protec- 
tion technique. It may advantageously be used with out- 
put buffers having pull-up and pull-down transistors of 
a single conductivity type. In the illustrative case, n- 
channel output devices are shown. A comparable pro- 
tective circuit for use with p-channel output devices is 
the same as that shown, except that p-channel transis- 
tors are used in lieu of n-channel transistors, and the 
power supply connections are the opposite of those 
shown. 

Referring to the illustrative embodiment of Fig. 2, 
an output conductor (bond pad 200) is connected to n- 
channel pull-up transistor 201 and n-channel pull-down 
transistor 202. In a first aspect of the invention, the gates 
of transistors 201 and 202 are connected to protective 
transistors 203 and 204, which are also connected to 
bond pad 200 as shown. Furthermore, the gates of pro- 
tective transistors 203 and 204 are connected to capac- 
itor 205 and resistor 206 at common node 207. During 
a positive-voltage ESD event, the high voltage is con- 
ducted through capacitor 205 to the gates of transistors 
203 and 204. This conduction increases the voltage on 
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the gates of these transistors to approximately the same 
voltage as on their sources/drain regions also connect- 
ed to bond pad 200. This reduces the breakdown volt- 
age across transistors 203 and 204, allowing them to 
conduct by means of bipolar action at a relatively low 
voltage. (As is well known in the art, each MOS transis- 
tor may be considered to have a bipolar transistor con- 
nected in parallel, comprising emitter, base, and collec- 
tor regions corresponding to the source, channel, and 
drain regions of the MOS device.) This conduction 
through protective transistors 203 and 204 also raises 
the voltage on the gates of output transistors 201 and 
202, respectively. This conduction also lowers the 
breakdown thresholds of these output transistors, allow- 
ing bipolar conduction through these transistors to con- 
duct the ESD current to their respective power supply 
conductors, V DD and V ss . 

After a certain period of time following the onset of 
an ESD event, conduction of current through resistor 
206 to the V ss conductor lowers the voltage on node 
207, and hence on the gates of protective transistors 
203 and 204. The lower gate voltage raises the break- 
down threshold of these transistors, and turns them off 
at some point. Therefore, the gates of output transistors 
201 and 202 are no longer placed at a high voltage, and 
these transistors also cease to conduct by means of bi- 
polar breakdown action at some point. However, in nor- 
mal circuit operation, the node 207 is held low through 
resistor 206, and so conduction through the protective 
transistors 203 and 204 does not occur. Therefore, nor- 
mal circuit operation is not impaired. I recommend that 
capacitor 205 have a value in the range of from 0.2 to 
50 picofarads, and resistor 206 have a value in the range 
of from 200 ohms to 50 kilohms. Further, I recommend 
that the RC time constant provided by these devices be 
preferably in the range of from 1 to 50 nanoseconds. In 
an illustrative embodiment, capacitor 205 has a nominal 
value of 3.3 picofarads, whereas resistor 206 has a 
nominal value of 3 kilohms. These values provide a 
nominal RC time constant of about 10 nanoseconds. 

I recommend that the circuitry be designed so that 
conduction of the output transistors is obtained only for 
an ESD event that produces a voltage on the bond pad 
that rises more rapidly than 100 volts per nanosecond. 
In that manner, normal information signals do not cause 
conduction via the protective circuitry. The capacitor 205 
is illustratively of the MOS type, wherein a conductive 
polysilicon layer forms a first capacitor plate, and a 
doped semiconductor substrate (or tub) region forms 
the second capacitor plate, with a gate-level silicon di- 
oxide layer forming the capacitor dielectric. Alternative- 
ly, the capacitor may comprise two polysilicon layers for 
the plates, with a deposited dielectric therebetween. Still 
other capacitor types are known in the art and may be 
used. Illustratively, resistor 206 is formed in an n-tub in 
a manner comparable to resistor 209 discussed below. 
However, it may alternatively be formed in a p-tub, or 
may be a deposited resistor of the polysilicon or silicide 



type, or may be of another type known in the art. 

In the exemplary embodiment of the inventive tech- 
nique, means are also provided for boosting the voltage 
on the n-tub region in which the p-channe! pre-driver 
5 transistor is formed during an ESD event. This boosting 
prevents conduction from the drain of the p-channel pre- 
driver to the underlying n-tub from limiting the voltage 
on the gate of the associated output transistor during an 
ESD event. That is, as shown in Fig. 2, the p-type drain 
of the pre-driver transistor 210 forms a diode 212 with 
the underlying n-type tub region 213 in which the drain 
is formed. In prior-art CMOS integrated circuit designs, 
the tub 21 3 would be connected directly to the V DD con- 
ductor. Therefore, conduction through the diode 212 
would limit the positive voltage on the gate of output 
transistor 202 to no more than one junction voltage drop 
above the voltage on the V DD conductor during an ESD 
event. This clamping effect of diode 21 2 would therefore 
place an undesirable limitation on the effectiveness of 
the above-described action of protective transistor 204. 
Therefore, in the illustrative embodiment of the inven- 
tion, a transistor 208 is connected between the bond pad 
200 and the n- tub 21 3. This transistor 208 also exhibits 
bipolar breakdown when an ESD event occurs, thereby 
conducting charge to the n-tub 21 3 and raising its volt- 
age. 

To allow the voltage on the n-tub 21 3 to rise, the n- 
tub is not connected directly to the V DD conductor, but 
rather through resistor 209. This resistor limits the con- 
duction through diode 212 to the V DD conductor, and 
hence allows the voltage on the gate of output transistor 
202 to rise to a higher level during an ESD event. The 
resistor 209 has a value of about 600 ohms in the ex- 
emplary embodiment, and is typically in the range of 
about 50 to 5000 ohms. The resistor may be a deposited 
(e.g., polysilicon) resistor, or a diffused region in the 
semiconductor substrate, or other type. For example, as 
shown in Fig. 3, an n-tub 31 may be used to form the 
resistor 209, which is connected to V DD via n+ contact 
region 37. The resistor is connected via n+ contact re- 
gion 36, conductor 39, and n+ contact region 35 to the 
n-tub 30, corresponding to region 213 in Fig. 2. The p- 
channel pre-driver transistor (210 of Fig. 2), comprising 
source/drain regions 32 and 34, and gate electrode 33, 
is formed in n-tub 30. The p-channel transistor in the 
pre-driver complementary inverter 214 may be located 
in an n-tub similarly connected to V DD , or alternatively 
in the same n-tub as transistor 210. 

Note however that the use of tub-boosting transistor 
208 and resistor 209, although advantageous in the il- 
lustrative embodiment, are not necessary in all cases. 
That is, the pre-driver stage that produces the logic sig- 
nal to the output transistor may be of a different design 
than that shown, and the diode 212 may not be present. 
For example, the pre-driver pull-up device may be an n- 
channel transistor, rather than a p-channel transistor; 
hence the source-to-substrate diode would be connect- 
ed opposite to diode 212 shown, and would not cause 
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clamping of positive voltages. 

Note that in contrast to the prior-art technique of Fig. 
1 , the protective transistors 203 and 204 do not carry 
the actual ESD current themselves. Hence, the transis- 
tors 203 and 204 may be sized to be relatively small, 
which saves space as compared to certain prior-art 
techniques. In the present technique, it is the output 
transistors 201 and 202 that carry the ESD current to 
one or both of the power supply conductors V ss and 
V DD . However, the output transistors are usually rela- 
tively large anyway, in order to provide sufficient drive 
capability. Hence, no size increase may be required to 
provide ESD protection in typical implementations of the 
present technique. Furthermore, since the protective 
transistors 203 and 204 are relatively small, they add 
minimal capacitive loading to the output circuitry, as 
compared to the prior-art technique. 

The above embodiment has shown a transistor (e. 
g., 203 and 204) and an RC network (capacitor 205 and 
resistor 206) as the protective means that causes the 
output transistors (201 and 202) to conduct during an 
ESD event in response to the high voltage on bond pad 
200. Note that when the ESD voltage has ceased, the 
protective means no longer causes the output transistor 
to conduct, and they are returned to control by the logic 
signal from the pre-driver circuitry. Normally, ESD 
events occur when the integrated circuit is not connect- 
ed in a circuit board or multi-chip module, and hence the 
logic signals are not present anyway. Conversely, when 
connected in a circuit board or module, the normal op- 
erating logic signals maybe present, but the ESD events 
are less likely to occur. Although digital logic circuitry 
has been discussed herein, the protected circuitry may 
be analog. Therefore, the desired operational signal 
(V jn ) may be generally referred to as an "information sig- 
nal". 

As discussed above, the present technique may be 
used with an output buffer having only a single conduc- 
tivity type of output transistor. However, it may alterna- 
tively be used with CMOS output buffers as well, where- 
in a p-channel transistor serves as the pull-up device 
and an n-channel transistor serves as the pull-down de- 
vice. In that case, the n-channel pull-down device may 
still be protected by the circuitry shown in Fig. 2. If de- 
sired, the p-channel device may be protected with com- 
parable circuitry, but with the transistor conductivities 
opposite to that shown, and also opposite power supply 
connections. In that case, a resistor comparable to 209 
could then be connected between the p-tub in which the 
n-channel pre-driver transistor is formed and the V ss 
power supply conductor. The connection between the 
source/drain electrodes of the output transistors and the 
output conductor (e.g. , bond pad) may include a resistor, 
as shown for example in U. S. patent 4,990,802 coas- 
signed herewith. 



Claims 

1 . An integrated circuit comprising an output transistor 
(201 , 202) having a first controlled electrode con- 
5 nected to a power supply conductor (V DD , V ss ), a 
second controlled electrode connected to an output 
conductor (200), and a control electrode coupled to 
receive an information signal (V in ); 

wherein said integrated circuit further com- 
10 prises 

a protective field effect transistor (203, 204) 
having a first source/drain electrode connected 
to said output conductor, a second source/drain 

15 electrode connected to the control electrode of 

said output transistor, and a gate electrode con- 
nected to a first terminal of a capacitor (205) 
which has a second terminal connected to said 
output conductor so as to cause said output 

20 transistor to conduct du ring an electrostatic dis- 

charge event on said output conductor; and 
a resistor (206) having a first terminal connect- 
ed to the gate electrode of said protective tran- 
sistor and a second terminal connected to a 

25 power supply conductor (V ss ) so that said pro- 

tective transistor does not conduct in the ab- 
sence of an electrostatic discharge event on 
said output conductor. 

30 2. An integrated circuit as claimed in claim I wherein 
said output transistor is an n-channel field effect 
transistor, said information signal is supplied by a 
pre-driver stage that comprises a p-channel pull-up 
transistor (210) that is located in an n-type tub re- 

35 gion(213); 

and said integrated circuit comprises a field 
effect transistor (208) for increasing the voltage on 
said n-type tub region during an electrostatic dis- 
charge event and having a first source/drain region 

40 connected to said output conductor (200), and a 
second source/drain region connected to said tub 
(213). 

3. An integrated circuit as claimed in claim I wherein 
45 said output transistor is a p-channel field effect tran- 
sistor, said information signal is supplied by a pre- 
driver stage that comprises an n-channel pull-up 
transistor that is located in an p-type tub region; 

and said integrated circuit comprises a field 
50 effect transistor for increasing the voltage on said 
p-type tub region during an electrostatic discharge 
event and having a first source/drain region con- 
nected to said output conductor, and a second 
source/drain region connected to said tub. 

55 

4. An integrated circuit as claimed in claim 2 compris- 
ing a resistor (209) connected between said n-type 
tub and the positive power supply voltage conductor 



4 



7 



EP 0 575 062 B1 



8 



(V DD ). 

5. An integrated circuit as claimed in claim 1 wherein 
said protective field effect transistor provides for 
said output transistor to conduct when the electro- 
static discharge event produces a voltage on said 
output conductor that rises more rapidly than 100 
volts per nanosecond. 



PatentansprOche 

1 . Integrierte Schaltung mit einem Ausgangstransistor 
(201, 202) mit einer ersten gesteuerten Elektrode, 
die mit einem Stromversorgungsleiter (V DD , V ss ) 
verbunden ist, einer zweiten gesteuerten Elektrode, 
die mit einem Ausgangsleiter (200) verbunden ist, 
und einer Steuerelektrode, die so angekoppelt ist, 
daB sie ein Informationssignal (V in ) empfangt; 

wobei die besagte integrierte Schaltung wei- 
terhin folgendes umfaBt: 

einen Schutz-Feldeffekttransistor (203, 204) 
mit einer ersten Source/Drain-Elektrode, die 
mit dem besagten Ausgangsleiter verbunden 
ist, einer zweiten Source/Drain-Elektrode, die 
mit der Steuerelektrode des besagten Aus- 
gangstransistors verbunden ist, und einer Ga- 
te-Elektrode, die mit einem ersten AnschluB ei- 
nes Kondensators (205) verbunden ist, der ei- 
nen zweiten AnschluB aufweist, der mit dem 
besagten Ausgangsleiter verbunden ist, urn so 
zu bewirken, daB der besagte Ausgangstransi- 
stor wan rend eines elektrostatischen Entla- 
dungsereignisses auf dem besagten Aus- 
gangsleiter leitet; und 

einen Widerstand (206) mit einem ersten An- 
schluB, der mit der Gate-Elektrode des besag- 
ten Schutztransistors verbunden ist, und einem 
zweiten AnschluB, der mit einem Stromversor- 
gungsleiter (V ss ) verbunden ist, so daB der be- 
sagte Schutztransistor bei Abwesenheit eines 
elektrostatischen Entladungsereignisses auf 
dem besagten Ausgangsleiter nicht leitet. 

2. Integrierte Schaltung nach Anspruch 1, wobei der 
besagte Ausgangstransistor ein n-Kanal-Feldef- 
fekttransistor ist, wobei das besagte Informations- 
signal durcn eine Vor-Treiberstufe zugefOhrt wird, 
die einen p-Kanal-Pull-up-Transistor (210) umfaBt, 
der sich in einem n-Wannenbereich (213) befindet; 

und die besagte integrierte Schaltung einen 
Feldeffekttransistor (208) zur Erhohung der Span- 
nung auf dem besagten n-Wannenbereich wahrend 
eines elektrostatischen Entladungsereignisses um- 
faBt, der auBerdem einen ersten Source/Drain-Be- 
reich, der mit dem besagten Ausgangsleiter (200) 
verbunden ist, und einen zweiten Source/Drain-Be- 



reich, der mit der besagten Wanne (21 3) verbunden 
ist, aufweist. 

3. Integrierte Schaltung nach Anspruch 1 , wobei der 
5 besagte Ausgangstransistor ein p-Kanal-Feldef- 
fekttransistor ist, wobei das besagte Informations- 
signal durch eine Vor-Treiberstufe zugefuhrt wird, 
die einen n-Kanal-Pull-up-Transistor umfaBt, der 
sich in einem p-Wannenbereich befindet; 
10 und die besagte integrierte Schaltung einen 

Feldeffekttransistor zur Erhohung der Spannung 
auf dem besagten p-Wannenbereich wahrend ei- 
nes elektrostatischen Entladungsereignisses um- 
faBt, der auBerdem einen ersten Source/Drain-Be- 
15 reich, der mit dem besagten Ausgangsleiter ver- 
bunden ist, und einen zweiten Source/Drain-Be- 
reich, der mit der besagten Wanne verbunden ist, 
aufweist. 

20 4. Integrierte Schaltung nach Anspruch 2 mit einem 
Widerstand (209), der zwischen die besagte n- 
Wanne und den positiven Stromversorgungsleiter 
(V D d) geschaltet ist. 

25 s. Integrierte Schaltung nach Anspruch 1 , wobei der 
besagte Schutz-Feldeffekttransistor gewahrleistet, 
daB der besagte Ausgangstransistor leitet, wenn 
das elektrostatische Entladungsereignis auf dem 
besagten Ausgangsleiter eine Spannung erzeugt, 

30 die schneller als 100 Volt pro Nanosekunde an- 
steigt. 



Revendications 

35 

1. Circuit integre comprenant un transistor de sortie 
(201 , 202) ayant une premiere electrode comman- 
dee connectee a un conducteur d'alimentation 
(V DD , V ss ), une deuxieme Electrode commandee 
40 connectee a un conducteur de sortie (200), et une 
electrode de commande couplee pour recevoir un 
signal d'information (V jn ) ; 

dans lequel ledit circuit integre comprend en 

outre 

45 

un transistor a effet de champ protecteur (203, 
204) ayant une premiere electrode de source/ 
drain connectee audit conducteur de sortie, 
une deuxieme electrode de source/drain con- 
so nectee a I'electrode de commande dudit tran- 

sistor de sortie, et une Electrode de grille con- 
nectee a une premiere borne d'un condensa- 
teur (205) qui a une deuxieme borne connected 
audit conducteur de sortie de telle sorte que le- 
ss dit transistor de sortie conduise durant un eve- 
nement de dgcharge Slectrostatique sur ledit 
conducteur de sortie ; et 
une resistance (206) ayant une premiere borne 
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connectee a Electrode de grille dudit transistor 
protecteur et une deuxieme bome connected a 
un conducteur d'alimentation (V ss ) de telle sor- 
te que ledit transistor protecteur ne conduise 
pas en Tabsence d'un evenement de decharge 5 
Electrostatique sur ledit conducteur de sortie. 

Circuit integre selon la revendication 1 , dans lequel 
ledit transistor de sortie est un transistor a effet de 
champ a canal N, ledit signal d' information 6tant 10 
iourrii par un elage de pre -excitation qui comprend 
un transistor d'excursion haute a canal P (210) qui 
est situe dans une region de caisson de type N 
(213); 

et ledit circuit integr6 comprend un transistor 15 
a effet de champ (208) pour augmenter la tension 
sur ladite region de caisson de type N durant un 
evenement de decharge electrostatique et ayant 
une premiere region de source/drain connectee 
audit conducteur de sortie (200) ; et une deuxieme 20 
region de source/drain connectee audit caisson 
(213). 

Circuit integre selon la revendication 1 , dans lequel 
ledit transistor de sortie est un transistor a effet de 25 
champ a canal P, ledit signal d'information etant 
fourni par un etage de pre -excitation qui comprend 
un transistor d'excursion haute a canal N qui est si- 
tue dans une region de caisson de type P ; 

et ledit circuit integre comprend un transistor 30 
a effet de champ pour augmenter la tension sur la- 
dite region de caisson de type P durant un evene- 
ment de decharge electrostatique et ayant une pre- 
miere region de source/drain connected audit con- 
ducteur de sortie ; et une deuxieme region de sour- 35 
ce/drain connectee audit caisson. 

Circuit integre selon la revendication 2, comprenant 
une resistance (209) connectee entre ledit caisson 
de type N et le conducteur de tension d'alimentation 40 
positive (V DD ). 

Circuit integre selon la revendication 1 , dans lequel 
ledit transistor a effet de champ protecteur permet 
audit transistor de sortie de conduire quand I'eVe- 45 
nement de decharge Electrostatique produit sur le- 
dit conducteur de sortie une tension qui augmente 
plus rapidement que 100 volts par nanoseconde. 
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FIG. 1 

(PRIOR ART) 
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